Marine microorganisms play a fundamental role in the global carbon cycle by mediating 27 the sequestration of organic matter in ocean waters and sediments. A better understanding of 28 how biological factors, such as microbial community composition, influence the lability and fate 29 of organic matter is needed. Here, we explored the extent to which organic matter 30 remineralization is influenced by species-specific metabolic capabilities. We carried out aerobic 31 time-series incubations of Guaymas basin sediments to quantify the dynamics of carbon 32 utilization by two different heterotrophic marine isolates. Continuous measurement of respiratory 33 CO 2 production and its carbon isotopic compositions ( 13 C and 14 C) shows species-specific 34 differences in the rate, quantity, and type of organic matter remineralized. Each species was 35 incubated with hydrothermally-influenced vs. unimpacted sediments, resulting in a ~3-fold 36 difference in respiratory CO 2 yield across the experiments. Genomic analysis indicated that the 37 observed carbon utilization patterns may be attributed in part to the number of gene copies 38 encoding for extracellular hydrolytic enzymes. Our results demonstrate that the lability and 39 remineralization of organic matter in marine environments is not only a function of chemical 40 composition and/or environmental conditions, but also a function of the microorganisms that are 41 present and active. 42
Summary 26
Marine microorganisms play a fundamental role in the global carbon cycle by mediating 27 the sequestration of organic matter in ocean waters and sediments. A better understanding of 28 how biological factors, such as microbial community composition, influence the lability and fate 29 of organic matter is needed. Here, we explored the extent to which organic matter 30 remineralization is influenced by species-specific metabolic capabilities. We carried out aerobic 31 time-series incubations of Guaymas basin sediments to quantify the dynamics of carbon 32 utilization by two different heterotrophic marine isolates. Continuous measurement of respiratory 33 CO 2 production and its carbon isotopic compositions ( 13 C and 14 C) shows species-specific 34 differences in the rate, quantity, and type of organic matter remineralized. Each species was 35 incubated with hydrothermally-influenced vs. unimpacted sediments, resulting in a ~3-fold 36 difference in respiratory CO 2 yield across the experiments. Genomic analysis indicated that the 37 observed carbon utilization patterns may be attributed in part to the number of gene copies 38 encoding for extracellular hydrolytic enzymes. Our results demonstrate that the lability and 39
Introduction 43
Microbes are an integral part of the marine carbon cycle and play a fundamental role in 44 mediating the long-term sequestration of organic carbon in ocean waters and sediments. Through 45 their metabolism and growth, heterotrophic microbes are key players in the transformation and 46 remineralization of organic matter to carbon dioxide (CO 2 ). Factors governing the fate of 47 organic carbon in the ocean -either remineralization to CO 2 or sequestration -remain 48 underexplained. It is not clear why certain compounds or pools of organic matter are readily 49 remineralized by heterotrophic microbes while others remain stable for millennial time scales 50 (Middelburg et al., 1993; Arndt et al., 2013) . The lability or availability of organic matter is 51 dependent on intrinsic chemical and physical factors such as the molecular size and structure of 52 the compounds as well as mineral content of the matrix ( 2019). However, it is becoming increasingly recognized that the lability and transformation of 55 organic matter is also influenced by biological factors such as microbial community composition 56 (Carlson et al., 2004; Glassman et al., 2018) . Given that the lability of organic matter appears to 57 be context-dependent, it is difficult to disentangle the interplay between these factors and, thus, 58 elucidate the extent to which the taxonomic and functional distribution of heterotrophic microbes 59 influences the fate of carbon in the ocean. 60
Although there is a need for more experimental studies resolving the relationships 61 between the lability of organic matter and the metabolic capabilities of marine microorganisms, 62 these interactions are difficult to assess using traditional microbiological and/or geochemical 63 approaches. Organic matter is one of the most complex mixtures on Earth (Hedges et al., 2000) , 64
and microbes derive organic carbon from varied pools that are heterogeneously distributed in 65 space and time. Natural abundance stable carbon ( 13 C) and radiocarbon ( 14 C) isotopic analyses 66 have become powerful tools for deciphering the sources and ages of natural organic matter 67 consumed by microbes in complex environments (e.g., Petsch et al., 2001; Pearson et al., 2008; 68 Mahmoudi et al., 2013a 68 Mahmoudi et al., , 2013b Whaley-Martin et al., 2016) . Heterotrophic microorganisms 69 carry the same Δ 14 C signatures and nearly the same δ 13 C signatures as their carbon sources; 70 therefore, the 13 C and 14 C signatures of both microbial cellular components (e.g., membrane 71 lipids) and respired CO 2 can be used to infer microbial utilization of isotopically-distinct carbon 72 sources (Hayes, 2001) . For example, Δ 14 C measurements of bacterial lipids extracted from 73
Beggiatoa mats in Guaymas Basin (Gulf of California), showed that the bacterial community 74 was net heterotrophically consuming hydrothermal petroleum-derived carbon (Pearson et al., 75 2005) rather than autotrophically fixing carbon from dissolved inorganic carbon (DIC) as had 76 been suspected. More recently, δ 13 C and Δ 14 C measurements of CO 2 collected during laboratory 77 incubations of coastal sediment revealed that organic matter was degraded in a sequential, step-78 wise manner by heterotrophic bacteria: small, phytoplankton-derived compounds were degraded 79 first, followed by petroleum-derived exogenous pollutants, and finally by polymeric plant 80 material (Mahmoudi et al., 2017) . 81
Here, we explore the extent to which the lability, and ultimately, remineralization of 82 organic matter is influenced by species-specific metabolic capabilities of marine 83 microorganisms. 84
Using a novel bioreactor system, we carried out time-series incubations of sterilized Guaymas 85
Basin sediments with two different heterotrophic bacterial isolates. The Isotopic Carbon 86
Respirometer-Bioreactor (IsoCaRB) system measures the production rate and natural isotopic 87 (Δ 14 C and δ 13 C) signature of microbially-respired CO 2 to constrain the source and age of organic 88 carbon that is remineralized (Beaupré et al., 2016) . We incubated sediments collected from on-89 axis (hydrothermal) and off-axis (control) sites with two different gammaproteobacteria (Vibrio 90 splendidus 1A01 and Pseudoalteromonas sp. 3D05) representing two widely occurring genera of 91 heterotrophic marine bacteria (Datta et al., 2016; Enke et al., 2018) . Isotopic signatures of the 92 respired CO 2 showed selective utilization of different organic matter pools by these two species, 93 while genomic analysis revealed that Pseudoalteromonas sp. 3D05 contained substantially more 94 copies of genes encoding for extracellular hydrolytic enzymes, consistent with its higher 95 observed CO 2 production rates. These results substantiate the idea that organic matter lability and 96 remineralization is not only a function of chemical composition and/or environmental conditions, 97 but also a function of the microbes that are present and active in a given environment. 98
99

Experimental Procedures 100
Sampling sites 101
Guaymas Basin is a spreading center located in the Gulf of California with water depth of 102 approximately 2000 m. Sediments in this basin are rich in organic carbon due to highly 103 productive overlying waters and fast sedimentation rates (1-2 mm/yr). On-axis regions of the 104 basin experience magmatic heating which transforms buried sedimentary organic matter into 105 petroleum hydrocarbons that are estimated to have an average radiocarbon age of ~5000 years 106 (Peter et al., 1991; Simoneit and Kvenvolden, 1994) . Hydrothermal alteration generates a 107 complex mixture of organic compounds that permeate upward to the near-surface sediments, 108
where it supports diverse and abundant microbial life, including microbial mats (Amend and (Table S2 ). On-axis hydrothermal sediment 123 cores (core 6 and 10) were retrieved during Alvin dive 4871 on December 23, 2016. 124
Temperatures for these hydrothermal sediment cores (6.25 cm diameter; 9 and 20 cm long, 125 respectively) ranged from 3°C at the seawater interface to 60-90°C at 20 cm depth; they were 126 strongly sulfidic and covered with yellow Beggiatoa mats that strongly contrasted with the olive-127 brown bare sediments surrounding the hydrothermal hot spot. Cool off-axis sediments were 128 collected from the northwestern ridge flanks of Guaymas Basin during Alvin dive 4864 on 129
December 15, 2016, on the periphery of the "Ringvent" seep site (Table S2 ). Specifically, the 130 cores 4864-6 and 4864-7 (6.25 cm diameter; 20 and 18 cm long, respectively) were taken 200m 131 apart and had an in-situ temperature of 3-5°C as measured by the Alvin Heatflow probe, 132 matching the bottom water temperature; these cores were suboxic, lacked microbial mats and 133 matched the general seafloor sediment appearance. The sediment cores were returned to the ship 134 within 2-4 h of sampling, and the sediments were subsequently transported and kept in sterile 135 glass jars at 4 °C until the start of the experiments. 136
The upper 0 -10 cm of sediment cores were homogenized and freed of carbonate species 137 by titration to pH 2-2.5 with 10% hydrochloric acid (HCl) in an ice bath (Beaupré et al., 2016) . 138
Sediments were subsequently freeze dried and sterilized by gamma-irradiation via a 137 Cs 139 (radioactive cesium) source to receive a total dose ~40 kGy. Gamma-irradiation has been shown 140 to minimize changes to the structure and composition of natural organic matter compared to 141 methods that involve exposure to high temperature and pressure (e.g., autoclaving) (Berns et al., 142 2008) . Sediments were confirmed to be sterilized as follows: First, sterilized sediment was 143 diluted in Tibbles-Rawlings (T-R) minimal medium (see supplemental section for detailed 144 recipe) and plated onto Marine Broth 2216 (Difco #279110) 1.5% agar (BD #214010) plates to 145 assess the growth of any colonies. Second, since spores frequently grow upon re-wetting (Kieft, 146 1987) , several grams of sterilized sediment were incubated in ~50 ml of in T-R minimal medium 147 for 5 days on a benchtop shaker and subsequently plated onto Marine Broth agar plates to 148 observe the growth of any colonies. In both cases, no colonies were observed. Lastly, ~10 g of 149 sterilized sediment was incubated with 1 l of T-R minimal medium in the IsoCaRB system under 150 oxic conditions (20% O 2 ) for 72 hours; the concentration of CO 2 during this incubation remained 151 at baseline and the total quantity of collected CO 2 was indistinguishable from the background of 152 the system indicating that no microbial respiration was observed. Details regarding the standard operating procedure for the IsoCaRB system, including 182 sterilization and assembly, sample preparation, and CO 2 collection and purification are described 183 in Beaupré et al., (2016) . Briefly, the system is first purged of residual atmospheric CO 2 by 184 sparging with CO 2 -free helium for 48 hours. Gas flow is then changed to 100 ml min −1 of 20% 185 Gaseous CO 2 concentration measurements were corrected for baseline drifts and then 194 rescaled to agree with the higher-precision manometric yields obtained from the trapped CO 2 195 (Beaupré et al., 2016) . These normalized CO 2 concentrations were corrected for the 196 confounding effects of mixing in the culture vessel headspace and decreasing slurry volume (as 197 described in Mahmoudi et al., 2017) to calculate the rate of CO 2 generation per unit volume of 198 growth medium (µg C l −1 min −1 ), which serves as a proxy for the microbial CO 2 production rate. 199 A total of six incubations were performed: one on-axis and two off-axis samples for each 200 of the two bacterial isolates. The rate of microbial CO 2 production and CFUs/ml between the 201 replicate incubations of off-axis sediments were highly reproducible for both isolates, and the 202 total quantity of respired CO 2 collected varied by less than 0.1 mg between replicate incubations 203 (Figures S2) was split for 13 C measurement, with the remainder reduced to graphite (Vogel et al., 1987) for 210 14 C measurement by accelerator mass spectrometry (AMS). All isotopic data are corrected for 211 background contamination associated with the IsoCaRB system (e.g., sparging gases) and the T-212 R minimal medium (total ~35 µg C/day, (Table S3 ). 220
The remineralization of organic matter in marine environments is thought to be largely 221 dependent on the production of extracellular hydrolytic enzymes which initiate remineralization 222 by hydrolyzing substrates to sufficiently small sizes in order to be transported across cell 223 membranes (Arnosti, 2011 ). The copy number of genes encoding for extracellular hydrolytic 224 enzymes was quantified by searching for putative genes in the annotated genomes for known 225 classes of hydrolytic enzymes using GENEIOUS PROv7.1. Subsequently, identified genes were 226 translated and assessed using SignalIP (v 5.0) to determine whether they contained secretory 227 signal peptides needed for extracellular transport across the cell membrane (Nielsen et al., 2007; 228 Armenteros et al., 2019). Lastly, any genes involved in the hydrolysis of polysaccharides were 229 also searched in the CAZy database (Cantarel et al., 2008) to confirm they matched homologues 230 of known hydrolytic enzymes. 231 232
Results 233
Microbial CO 2 production and carbon utilization 234
Incubation of sterilized on-and off-axis Guaymas Basin sediment revealed a similar 235 respiration pattern for both species. CO 2 production rates rapidly increased with the onset of the 236 incubation and peaked within the first 12 to 20 hours, gradually decreasing to near baseline 237 values within ~4 days for the Vibrio sp. 1A01 and ~6 days for the Pseudoalteromonas sp. 3D05 238 ( Figure 1; Figure 2 ). Likewise, cell growth was observed to increase within the first 12 to 20 239 hours, peaking at 1.2 -2.1 x 10 7 CFU/ml ( Figure S1 ). Following this initial growth phase, cell 240 densities remained steady at ~ 1 x 10 7 CFUs/ml and slightly decreased toward the end of the 241 incubation ( Figure S1 ; Table S4 ). 242
Higher rates of CO 2 production were observed with Pseudoalteromonas sp. 3D05 243 compared to Vibrio sp. 1A01 in all cases. The maximum rates of CO 2 production for Vibrio sp. 244 1A01 were 0.4 µg C L −1 min −1 during incubation with the on-axis sediment and 0.3 µg C L −1 245 min −1 during incubation with the off-axis sediment (Figure 1) , whereas Pseudoalteromonas sp. 246 3D05 had a maximum rate of 0.5 µg C L −1 min −1 and 0.4 µg C L −1 min −1 (Figure 2) , respectively, 247 for the equivalent incubations. Interestingly, CO 2 production rates were higher for both species 248 during incubation with on-axis sediment, rather than the non-hydrothermally active off-axis 249 sediment. This is consistent with previous work showing that hydrothermal petroleum-derived 250 carbon in Guaymas Basin is labile and readily utilized by in situ microorganisms (Pearson et al., 251 2005) . 252
To determine the source and age of organic matter being remineralized by each species, 253 successive CO 2 fractions were collected for natural abundance isotopic analysis (δ 13 C and Δ 14 C). 254 A total of four CO 2 fractions were collected for the Vibrio sp. 1A01 incubations and five CO 2 255 fractions for Pseudoalteromonas sp. 3D05 incubations ( Figure 4 ; Table S5 ). The duration of 256 each fraction ranged from 15 to 48 hours to ensure that each fraction contained Table S5 ). For Pseudoalteromonas sp. 3D05, Δ 14 C 272 signatures of respired CO 2 fractions ranged from -185 to -400‰ and -134 to -172‰ during 273 incubation with on-and off-axis sediment (Figure 2 ; Table S5 ). The The genomes of both species contain multiple copies of genes encoding for chitinases 283 and peptidases which are involved in the degradation of chitin and proteins, respectively ( Figure  284 3). Both species have a comparable number of gene copies for chitinases, specifically, Vibrio sp. 285 1A01 had 5 gene copies and Pseudoalteromonas sp. 3D05 had 7 gene copies. However, 286
Pseudoalteromonas sp. 3D05 has substantially more gene copies for extracellular peptidases 287 with a total of 30 copies whereas Vibrio sp. 1A01 has 7 copies. In addition, Pseudoalteromonas 288 sp. 3D05 has a single gene copy encoding for a glucosidase which is involved in the degradation 289 of complex carbohydrates while Vibrio sp. 1A01 did not contain any genes encoding for 290 extracellular glucosidases. 291
292
Discussion 293
Resolving the mechanisms that control whether and/or how organic matter is consumed 294 by microbes is crucial for understanding how carbon is processed and stored in the ocean. 295
Previous work using bottle incubations with seasonally accumulated dissolved organic matter 296 (DOM) and natural seawater from different depths observed differences in DOM degradation 297 when this same carbon pool was incubated with natural seawater from contrasting depths 298 (Carlson et al., 2004 , Letscher et al., 2015 , which suggested that microbial community structure 299 is an important control on the remineralization of organic matter. This view is consistent with 300 observations of striking contrasts in the abilities of water column and sedimentary microbial 301 communities to utilize high molecular weight substrates such as polysaccharides (Arnosti 2000; 302 2008 ), contrasts that parallel differences in microbial community composition (Teske et al., 303 2011; Cardman et al., 2014) . However, empirically testing the extent to which the taxonomic 304 and/or functional characteristics of microorganisms can give rise to differences in 305 remineralization is analytically challenging. Our study leverages a novel bioreactor system to 306 track and quantify the dynamics of carbon utilization by two different marine isolates by 307 continuously measuring CO 2 production and carbon isotopes associated with the remineralization 308 of natural organic matter (Beaupré et al., 2016) . Using this approach, we observed species-309 specific differences in the rate, quantity, and type of organic matter remineralized. Our results 310 demonstrate that the lability and remineralization of organic matter is not exclusively affected by 311 chemical and physical factors but that it will also be dependent on the microbes that are present 312 and active in a given environment. 313 314
Species-level selectivity of organic carbon substrates 315
In addition to observing differences in remineralization rates and yields between species, 316 the observed trends in isotopic signatures of respired CO 2 indicate differences in the types of 317 carbon compounds that were degraded by each species (Figure 4) , thereby influencing the types 318 of carbon compounds left behind and the terminal carbon storage. Given the diverse pools of 319 sedimentary organic matter available for microbial utilization, we attempted to constrain the 320 respective contribution of multiple carbon pools to microbial respiration using a mass balance 321 model. Sedimentary organic matter generally is believed to be dominated by phytoplankton-322 derived organic compounds (Wakeham et al., 1997 , Burdige 2007 , especially in locations with 323 fast sedimentation rates and productive overlying waters. In addition, previous measurements of 324 organic acids in Guaymas Basin sediment have found high concentrations of acetate in 325 porewaters (Martens, 1990) , consistent with the notion that microbial acetogenesis -and/or 326 fermentation to low-molecular-weight organic acids -is widespread in marine sediments (Lever 327 et al., 2010; Lever, 2012; He et al., 2016) . Marine sediments can also contain inputs of older 328 ( 14 C-depleted) carbon that can be derived from numerous sources. Aged terrigenous organic 329 matter, derived from land plants, contributes significant organic matter to continental margin 330 sediments (Raymond and Bauer, 2001; Schefuß et al., 2016) . 331
Because we cannot be certain of the exact source and composition of this older carbon 332 within our sediments, we simply refer to this endmember as pre-aged organic carbon (OC) in our 333 mass balance model. However, in the case of sediments collected from on-axis sampling 334 locations, we assume that the pre-aged OC endmember is dominated by hydrothermal-derived 335 petroleum compounds. Guaymas Basin is relatively unusual in that it experiences magmatic 336 heating which helps mobilize pre-aged carbon through the generation of hydrothermal petroleum 337 (Peter et al., 1991) . This petroleum eventually migrates vertically and discharges at the sediment 338 water interface where it is readily used by bacterial communities (Pearson et al., 2005) . Previous 339 studies have reported that surface sediments in on-axis areas are rich in petroleum hydrocarbons 340 with concentrations comparable to those in highly polluted and industrial areas (Kawka and 341 Simoneit, 1990; Simoneit and Lonsdale, 1982) . Thus, our mass balance model presumed three 342 major carbon sources: phytoplankton-derived compounds, microbially-produced acetate and/or 343 other fermentation products, and pre-aged OC. value was set to -44 ± 1‰ for both on-and off-axis sediment incubations, based on the expected 359 fractionation heterotrophic acetogenesis which would have resulted in acetate as being ~19.5‰ 360 more depleted relative to initial substrate (Freude and Blaser, 2016) . Most of the acetate in 361 marine sediments appears to be generated through heterotrophic rather than autotrophic 362 acetogenesis (Heuer et al., 2009; Lever et al., 2010; Ijiri et al., 2010) , consistent with the idea 363 that autotrophic acetogens would be easily outcompeted by other microbes (e.g., methanogens) 364 in marine sediments due to the very low energy yield of this metabolism (Lever, 2012) . For the 365 on-axis sediment incubations we constrained the ranges of possible acetate Assuming that these are the primary sources of carbon available in the sediment, we 377 predicted the fractional utilization of all three sources for each species using this mass balance 378 model, including which pools were preferentially respired at different times of the incubation 379 ( Figure 5 ). Vibrio sp. 1A01 was found to respire CO 2 derived primarily from acetate and pre-380 aged OC. Specifically, acetate was a dominant initial carbon source, accounting for 82% and 381 75% of all respired CO 2 during the first day of incubation with on-and off-axis sediment, 382 respectively. The relative contribution of acetate to respiration decreased with time for Vibrio 383 sp. 1A01 and concurrently there was increased utilization of pre-aged OC such that it accounted 384 for 50% and 60% of all respired CO 2 during the last day of incubation with on-and off-axis, 385
respectively. This trend may be due to progressive consumption of the acetate pool since it was 386 so heavily utilized early on. Pseudoalteromonas sp. 3D05 respired all three carbon sources with 387 different trends observed during incubation with on-vs. off-axis sediment. During incubation 388 with on-axis sediment, there was substantial utilization of acetate such that 50 to 77% of all 389 respired CO 2 was derived from this pool throughout the duration of the experiment. Similarly, 390 pre-aged OC was utilized by Pseudoalteromonas sp. 3D05 over the course of the on-axis 391 incubation; however, it remained a minimal carbon source and never accounted for more than 392 ~30% of respired CO 2 . Interestingly, Pseudoalteromonas sp. 3D05 derived a substantial portion 393 (41-56%) of all respired CO 2 from phytoplankton-derived material early in the incubation with 394 on-axis sediment; in contrast, there was limited utilization (<20%) of this pool by Vibrio sp. 395 1A01. This contrast was more evident during incubation with off-axis sediment where 396 phytoplankton-derived material was the predominant carbon source for Pseudoalteromonas sp. 397 3D05, accounting for ~60% of all respired CO 2 . The remainder of its carbon was derived from a 398 mixture of both acetate and pre-aged OC whose contributions to respired CO 2 over time 399 decreased and increased, respectively. 400
The results of the mass balance model reveal unique trends in carbon utilization between 401 species. Both species readily consume acetate (or other low-molecular-weight fermentation 402 products -here referred to generically as acetate) as a carbon source. This is consistent with 403 expectations, given that acetate is an energetically-rich compound that is labile and readily 404 accessible to bacteria. The heavy consumption of acetate by Vibrio sp. 1A01 may due to the fact 405 that it has more limited hydrolytic capabilities which may be required to access other carbon 406 pools; in contrast, Pseudoalteromonas sp. 3D05 readily utilized substrates from all carbon pools 407 particularly phytoplankton-derived carbon. Given that proteins are a major component of 408 phytoplankton cells (25-50%; Emerson and Hedges, 2008) and phytoplankton-derived carbon 409 pools in degraded marine sediments are believed to be protein-rich (Cowie and Hedges, 1984) , it 410 would be expected that compounds within this pool need to be degraded extracellularly before 411 being transported into bacterial cells. Likewise, we found that Pseudoalteromonas sp. 3D05 412 contained ~4 times more genes copies for extracellular hydrolytic peptidases compared to Vibrio 413 sp. 1A01, consistent with its greater fractional reliance on carbon pools comprised of larger 414 substrates. 415 416
Microbial controls on organic matter remineralization 417
While much is known about how abiotic conditions and intrinsic chemical properties may 418 limit the remineralization of organic matter, the extent to which this process may be influenced 419 by the microorganisms is just beginning to be explored. A greater understanding of the 420 microbial characteristics or traits that affect remineralization will improve our ability to predict 421 the fate of organic carbon in marine ecosystems. A large proportion of organic matter, 422 particularly in marine sediments, is macromolecular and physically too large to be utilized 423 directly by microbes. Some heterotrophic microbes have evolved the ability to produce 424 extracellular hydrolytic enzymes to catalyze the degradation of larger compounds (typically 425 >600 Da) into smaller, more soluble substrates (Weiss et al., 1991) . These hydrolytic enzymes 426 are secreted and function outside of the cell thereby allowing these heterotrophs to access and 427 utilize more complex compounds. The activities and structural specificities of these hydrolytic 428 enzymes influence the quantity and types of compounds that can be readily transformed and 429 assimilated into biomass vs. the fractions that remain intact (e.g., Hoppe 1993, Meyer-Reil 430 1991). Thus, extracellular hydrolytic enzymes are often considered to be a rate-limiting step in 431 the carbon remineralization process in marine environments (Arnosti, 2011) . Similarly, the 432 production of extracellular hydrolytic enzymes has been proposed to be a key microbial trait with 433 respect to the decomposition of litter in soils (Schimel and Weintraub, 2003 Our results suggest that extracellular hydrolytic enzymes may be a key trait when 436 considering the lability and remineralization of natural organic matter in marine sediments. 437 Moreover, gene dose (i.e., the number of gene copies for a given enzyme) has been suggested to 438 play a key role in dictating the hydrolytic power of a strain (Enke et al., 2018) . In our study, we 439 observed that greater hydrolytic power not only allowed Pseudoalteromonas sp. 3D05 to more 440 readily access a protein-rich carbon pool, but also led to substantially more total organic matter 441 being remineralized (higher total CO 2 production by this strain). However, it may be possible 442 that these observations are due to physiological differences in terms of cellular allocation and 443 utilization of carbon substrates rather than solely hydrolytic power. Further analyses are needed 444 to quantify these hydrolytic enzymes during our incubations in order to confirm their expression 445 and activity. Nevertheless, our results support the notion that extracellular hydrolytic enzymes 446 may be an important microbial trait when considering the quantities and types of organic matter 447 that are accessed and consumed by heterotrophs. 448
Although the ability to produce and secrete hydrolytic enzymes is an ecologically 449 important metabolic trait, the range of species that can produce these hydrolytic enzymes is 450 narrow and often limited to a minor fraction of heterotrophs in complex communities 451 (Langenheder et al., 2006; Logue et al., 2016) . Consequently, the ability to produce hydrolytic 452 enzymes is thought to be a functionally dissimilar trait, rather than functionally redundant (Rivett 453 and Bell, 2018) This implies that differences in microbial community composition will result in 454 variations in carbon remineralization rates independent of environmental conditions. For 455 example, the addition of high molecular weight DOM to seawater mesocosms prepared from 456 distinct water masses led to increased extracellular hydrolytic activity as well as growth of 'rare' 457
OTUs (Balmonte et al., 2019) . Moreover, the spectrum of active enzymes detected in these 458 mesocosms varied considerably, which suggested that the substrates that would have been 459 consumed also differed among communities. The metabolic factors that lead to the expression 460 and function of hydrolytic enzymes in marine environments are mostly matters of speculation. The total copy number of genes encoding for known extracellular enzymes was determined from annotated genomes. Gene sequences were translated and assessed using SignalIP (v 5.0) to determine whether they contained secretory signal peptides needed for extracellular transport. Both Vibrio sp. 1A01 and Pseudoalteromonas sp. 3D05 were found to have similar copy numbers of chitinases; however, Pseudoalteromonas sp. 3D05 was found to have ~4 times more genes encoding for extracellular peptidases. Relative contributions were estimated using a three-end mass balance model. Percentages and uncertainties were estimated as means and standard deviations of solutions to 3 simultaneous mass-balance equations that were solved 10,000 times, in which normally-distributed pseudo-random noise was added to each isotope ratio measurement and isotopic signature.
